Membrane-bound proteins having solute transport activities or receptor functions are known to have characteristic orientations across the membrane (2, 14, 16-18). One of these proteins, Nat, K+-ATPase, penetrates the plasma membrane having its ATP or ouabain binding site on the cytoplasmic or outer side of the membrane (1, 11) .
In synaptosomal and microsomal fractions of rat brain, Inagaki et al. detected C1--ATPase activity, which is highly sensitive to ethacrynic acid and stimulated or inhibited by Cl-or NO-3, respectively (8-10, 19, 20) . Since this ATPase activity is also inhibited by anion-transport inhibitors, SITS and DIDS, this enzyme may contribute to ion-transporting systems across the membranes. In the present study, we examined the transmembrane orientation of Cl--ATPase using tryptic digestion of synaptosomes and their resealed membranes prepared from rat brain, in terms of the behavior of Nat, K+-ATPase.
MATERIALS AND METHODS
Preparation of synaptosomal fractions. The synaptosomes and the resealed synaptosomal membranes were prepared from Wistar rat brain. The tissues were homogenized in 0.33 M sucrose solution containing 17 mM Tris-Mes and 1 mM EDTA (pH 7.4), then centrifuged twice at 1,000 g for 10 min. The supernatant was centrifuged at 10,000 g for 20 min, then the resulting pellet was suspended in the homogenizing solution. This suspension was 
DISCUSSION
Proteolysis is a useful tool to estimate the topology of membrane-located proteins and has been applied to various enzymes and receptor proteins (2, 14, 16-18). Previous work in this area was carried out using red blood cell ghosts because of their properties to produce constantly oriented membrane vesicles (14, 18). In the present study, the synaptosomal fractions which mainly consisted of intact synaptosomes, and the hypotonic-solution-treated fractions containing resealed synaptic membranes which are reportedly a mixture of membranes in right-side-out and inside-out states (3, 5, 6) were used. Electron microscopy of the untreated or hypotonic-solution-treated synaptosomal fraction showed well-organized intact synaptosomes or resealed synaptic membrane vesicles, respectively (Fig. 1) .
Na+, K+-ATPase is a representative enzyme whose asymmetric orientation was examined by proteolytic treatment (1, 5, 7, 11). Trypsin digests Na+, Kt+- ATPase from the interior surface of the plasma membrane in renal medulla (1, 5, 11) and red blood cells (7). In the present study, the activity of internally oriented and masked Na+ , K+-ATPase in sealed vesicles was measured as the difference between the activities assayed in the presence and absence of a low concentration of Triton X-100 (Fig. 2) . Such Na+ , K+-ATPase activity was higher in the untreated synaptosomes than in the hypotonic-solution-treated synaptosomes, suggesting that the former ones contained much more right-side-out and sealed vesicles than the latter ones. Tryptic digestion inactivated Nat, K+-ATPase activity in hypotonicsolution-treated synaptosomes more extensively than that in untreated synaptosomes. Additionally, internally oriented Na+ , K+-ATPase in sealed vesicles as assayed using Triton X-100 was not affected by tryptic digestion. Since the plasma membrane is impermeable to trypsin, such digestion inactivation profile of synaptosomal Na+, K+-ATPase also suggests an asymmetric orientation of this enzyme in the plasma membrane of synaptosomes.
With Cl--ATPase, tryptic digestion of synaptosomes inactivated the enzyme to an extent similar to Na+ , K+-ATPase without the effect on the internally located enzyme (Fig. 2-A) . However, in contrast to the case of Na+, K+-ATPase, the inactivation was little affected by the treatment of synaptosomes with hypotonic solution (Fig. 2-B) , suggesting that C1--ATPase penetrates the plasma membrane, and the sites cleaved by trypsin are on both sides of the membrane. On the other hand, anion-insensitive Mg2+-ATPase in the synaptosomes was less affected by trypsin digestion as compared with Na+, K+-ATPase and C1--ATPase (Fig. 2-A) . Treatment of synaptosomes with hypotonic solution enhanced the inactivation of this enzyme by tryptic digestion, suggesting that tryptic-digestible sites of anion-insensitive Mg2+-ATPase mainly locate on the interior surface of the plasma membrane. Triton X-100 inhibited this enzyme activity both in synaptosomes and hypotonicsolution-treated synaptosomes (Figs. 2-A and B) . In contrast to Nat, K+-ATPase and C1--ATPase, anion-insensitive Mg2+-ATPase thus appeared to be highly sensitive to the detergent, suggesting that this enzyme requires lipid environments for its activity more strictly than the other two enzymes.
A slight but clear reduction by ATP-Mg of the tryptic digestion of Nat, K+-ATPase, C1--ATPase and anion-insensitive Mg2+-ATPase was observed in the hypotonic-solution-treated synaptosomes (Fig. 2-B ), while the substrate had no significant effect on untreated synaptosomes (Fig. 2-A) . The binding site of ATP-Mg on Na+ , K+-ATPase has so far been detected on the cytoplasmic surface of the plasma membrane of renal medulla (1, 11) . The present data suggest a similar orientation of the ATP-Mg binding site in synaptosomal Na+, K+-ATPase. As for C1--ATPase and anion-insensitive Mg2+-ATPase, their ATP-binding sites also appeared to be present on the cytoplasmic surface of the membrane.
Using the radiation inactivation technique, functional molecular sizes of C1--ATPase and anion-insensitive Mg2+-ATPase are suggested to be 480 kDa and 80 kDa, respectively (19). Such molecular sizes of C1--ATPase and anion-insensitive Mg2+-ATPase raise the possibility that C1--ATPase is located across the membrane matrix and that the sites of the enzyme accessible to trypsin are on both sides of the membrane, while anion-insensitive Mg2+-ATPase is located in the membrane like the fl-subunit of Na+, K+-ATPase (5). The present data also sugggest that Cl--ATPase penetrates plasma membrane having the ATP-Mg binding site on the cytoplasmic region. All these data support the idea that Cl--ATPase contributes to the ATP-dependent ion transport across the membrane.
